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Abstract 

Background: Cachexia is a state of involuntary weight loss common to many chronic diseases. Experimental data, 
showing that cachexia is related to the enhancement of acute phase response reaction, led to the new definition 
of cachexia that included, aside from the principal criterion of weight loss, other "minor criteria", Amongst them are 
levels of C-reactive protein (CRP), albumin and hemoglobin. However, there is paucity of data regarding possible 
differences of these laboratory parameters in patients with various diseases known to be related to cachexia. 

Methods: CRP, albumin and hemoglobin were evaluated in 1 19 patients, divided into two disease groups, 
hematological (ones with diagnosis of non-Hodgkin lymphoma or Hodgkin disease) and non-hematological (solid 
tumor patients and patients with chronic heart failure). Patients were further subdivided into two nutritional groups, 
cachectic and non-cachectic ones according to the principal criterion for cacxehia i.e. loss of body weight. 

Results: We found that cachectic patients had higher levels of CRP, and lower levels of both hemoglobin and 
albumin compared to non-cachectic patients, regardless of the disease group they fitted. On the other hand, the 
group of hematological patients had lower levels of CRP primarily due to the differences found in the 
non-cachectic group. Higher levels of albumin were also found in the hematological group regardless of the 
nutritional group they fitted. Limitations of cut-off values, proposed by definition, were found, mostly regarding 
their relatively low sensitivity and low negative predictive value. 

Conclusions: As expected, differences in values of routine laboratory parameters used in definition of cachexia 
were found between cachectic and non-cachectic patients. Their values differed between hematological and 
non-hematological patients both in cachectic and non-cachectic group. Cut-off levels currently used in definition of 
cachexia have limitations and should be further evaluated. 
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Background 

Cachexia is a state of involuntary weight loss common 
to many patients with chronic diseases such as cancer, 
acquired immunodeficiency syndrome, congestive heart 
failure, chronic infections, rheumatoid arthritis and kid- 
ney failure [1,2]. It was described centuries ago [3,4] and 
it is estimated that 5 million people in United States of 
America develop cachexia annually [5], with 2 million 
deaths relating to it [6] together with some other adverse 
prognostic features [7,8]. 

The mechanism of development of cachexia in all 
these conditions is believed to be similar if not the 
same [9]. Cachexia is believed to be a result of activa- 
tion of acute phase response through upregulation of 
proinflammatory cytokines [10-12]. This upregulation 
is a consequence of various aforementioned diseases 
[13] and additionally, in cancer patients, cachexia is 
believed to be also induced by tumor products called 
proteolysis-inducing and lipid-mobilizing factors [14]. 
Those changes lead to alterations in metabolism of 
protein, fat and carbohydrates responsible for reduc- 
tion in body weight as well as changes in body com- 
position [15,16]. Upregulation of proinflammatory 
cytokines leads to elevated levels of C- reactive pro- 
tein (CRP) and albumin [17,18] and chronic inflam- 
mation is also related to the development of anemia 
frequently referred as anemia of the chronic disease 
[19,20]. 

Relation between chronic inflammation, as a trigger 
for development of cachexia, and the subsequent 
changes in certain clinical and laboratory features 
lead key opinion leaders to incorporate, beside princi- 
pal criterion for the diagnosis of cachexia which is at 
least 5% loss of edema - free body weight during the 
previous 12 months or less, other "minor criteria" 
into the new definition of cachexia. Amongst those 
"minor criteria" are elevated levels of CRP (> 5 mg/1) 
and decreased levels of hemoglobin (< 12 g/dl) and 
albumin (< 3.2 g/dl) [21] which were in the focus of 
our study. 

Although it is well known that cachexia occurs in 
different diseases, comparative clinical or laboratory 
studies are lacking. Aim of the present study was to in- 
vestigate whether there are differences between afore- 
mentioned routine laboratory parameters between 
patients with hematological diseases and other patients 
with diseases known to be related to cachexia (i.e. other 
solid tumors, chronic heart failure). First, we examined 
those parameters in all patients included in this study, 
thereafter investigating same parameters in cachectic 
and non-cachectic patients. Finally, we examined the 
proposed cut-off values of CRP, hemoglobin and albu- 
min for diagnosis of cachexia, in order to establish their 
clinical usefulness. 



Methods 

Patients 

The study was conducted at the Department of Internal 
Medicine of University Hospital Merkur in Zagreb. 
Patients' data were collected from May 2011 until February 
2012 on consecutive patients that were eligible for 
entry. A diagnosis of either solid hematological tumors 
(non-Hodgkin lymphoma, Hodgkin disease), other solid 
tumors of any site or chronic heart failure of any eti- 
ology was mandatory. Diagnosis of malignant disease 
had to be proven with adequate histopathological sam- 
ple. Diagnosis of heart failure was made according to 
the guidelines criteria [22]. 

Exclusion criteria were age of less than 18 years, 
starvation, malabsorption, diarrhea, active thyroid dis- 
ease, depression or other severe psychiatric disease, 
chronic obstructive pulmonary disease, renal insuffi- 
ciency of grade > 3, myocardial infarction in less than last 
12 weeks, liver insufficiency, neuromuscular diseases, al- 
cohol or drug abuse and previous use of cardiotoxic 
chemotherapy in doses proven to be cardiotoxic [23] . 

The study received previous local ethical board ap- 
proval and was conducted according to the Declaration 
of Helsinki and its subsequent amendments. All patients 
gave written informed consent before participation in 
the study. 

Evaluation of patients 

Complete history was recorded, full physical examina- 
tions were performed and blood samples were collected 
at baseline. Baseline blood analyses included complete 
blood count and complete biochemistry (including 
values of hemoglobin, CRP and albumin). All measure- 
ments were done according to the standard protocol of 
institutional laboratory. 

Patients were considered to be cachectic if they fulfilled 
main criteria for the diagnosis according to the consensus 
document. This criterion is loss of > 5% of body weight in 
last 12 months or less (no less than 6 months). Other cri- 
teria (decreased muscle strength, fatigue, anorexia, low fat 
free index, abnormal values of CRP, hemoglobin or albu- 
min), of which 3 of 5 need to be fulfilled for diagnosis, 
were also sought but we did not include them in the strati- 
fication of our patients [21]. 

Patients were further divided into two disease groups, 
hematological (ones with diagnosis of non-Hodgkin lymph- 
oma or Hodgkin disease) and non-hematological (solid 
tumor patients and patients with chronic heart failure). 

Measurements of CRP and albumin were performed on 
the Beckman Coulter Olympus AU 680 analyzer (Olympus 
Mishima Co., Ltd., Shizuoka, Japan) using Beckman Coulter 
System reagents and standardized laboratory methods on 
fresh sera on the day of blood collection. Serum was 
collected after centrifugation for 15 minutes at 3000 rpm. 
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CRP concentrations were determined by automated high- 
sensitivity latex-enhanced immuno-turbidimetric assay. 
The calibrator CRP values were traceable to CRM 470. The 
limit of detection was 0.1 mg/L. Quantitative determination 
of albumin in serum was performed using Beckman 
Coulter bromocresol green photometric color test. Mea- 
surements of hemoglobin was performed on the Sysmex 
XE-2100 (Sysmex, Kobe, Japan), fully automated discrete 
hematology analyzer designed to generate complete blood 
counts. Hemoglobin determination was achieved using 
the sodium laurel sulfate (SLS)-hemoglobin method. Par- 
ticipation of Institute of Clinical Chemistry and Labora- 
tory Medicine University Hospital Merkur accredited 
according to ISO 15189 (1,2) in the International External 
Quality Assessment Schemes for general and special med- 
ical biochemistry organized by World Health Organization 
for Laboratory Hematology (IEQAS - H) and by LABQU- 
ALITY, Finland for biochemical tests, confirms clinical re- 
liability of obtained laboratory test results [24]. 

Statistics 

The results were expressed as the mean +/- standard 
deviation or as a proportion of the total number. Ana- 
lyses of specificity, sensitivity, positive predictive value 
and negative predictive value were done using appropri- 
ate formulas. Differences in proportions (categorical 
variables) were compared using chi square test. Mann 
Whitney test was used to test the equality of continuous 
variables. A p-value < 0.05 was considered statistically 
significant. All statistics were performed with the Stat- 
View statistical program, version 5.0.1. (SAS Institute, 
Cary, NC, USA). 

Results 

Patients 

One hundred nineteen (76 males; median age 62 years) 
consecutive patients were enrolled. Fifty five patients were 
from the hematological group (45 had diagnosis of non- 
Hodgkin lymphoma and 10 had diagnosis of Hodgkin 
disease). In the non-hematological group 43 patients 
were diagnosed with solid tumor of various sites (19 
hepatocellular cancer, 8 colorectal cancer, 8 pancreatic 
cancer, 3 billiary duct cancer, 2 gastric cancer, 3 cancer 



of unknown primary site) and 21 had chronic heart fail- 
ure (15 had ischemic cardiomyopathy and 6 had non- 
ischemic cardiomyopathy). In the group of heart failure 
patients 2 (10%) were in NYHA class I, 8 (38%) patients 
were in stage II, 9 (42%) were in stage III, and the 
remaining 2 (10%) in stage IV. 

Hematological patients were significantly younger than 
non hematological patients. We found no statistically 
significant differences in prevalence of cachexia, lost 
body weight in cachectic patients or period of loss of 
body weight in cachectic patients between prespecified 
disease groups. Patient clinical characteristics are shown 
in Table 1. 

Differences in values of CRP, hemoglobin and albumin 
between groups 

Mean value of CRP in the whole group was 22.78 mg/1 
(+/-37.5). Hematological patients had mean value of 
CRP 15.98 mg/1 (+/-36.1) and non-hematological patients 
had a mean value of CRP 28.71 mg/1 (+/-39.1). Observed 
difference was found to be statistically significant 
(p = 0.048). When we subdivided patients according to 
their nutritional status, cachectic patients as a whole 
group had a mean CRP value of 34.18 mg/1 (+/-51.9) and 
patients without cachexia had a mean value of CRP 17.57 
mg/1 (+/-27.5) which was also significantly different 
(p = 0.021). On the other hand, we could not find signifi- 
cant differences in CRP levels in hematological (32.90 mg/ 
1 (+/-64.5) vs. 9.75 mg/1 (+/-12.9); p = 0.1) or in non- 
hematological (35.26 mg/1 (+/-43.0) vs. 25.55 mg/1 
(+/-35.6); p=0.27) group when we divided them according 
to their cachectic status. In fact the observed initial differ- 
ence was related to the difference between hematological 
and non-hematological patients in the non-cachectic 
group (9.75 mg/1 (+/-12.9) vs. 25.55 mg/1 (+/-35.6); 
p = 0.01). CRP levels according to the predefined groups 
are shown in Table 2. 

Mean value of hemoglobin in all examined patients 
was 12.53 g/dl (+/-2.1). Cachectic patients had lower 
levels of hemoglobin (11.73 g/dl (+/-2.0) vs. 12.90 g/dl 
(7.9-16.2); p = 0.039) than non-cachectic patients. There 
was no difference in values of hemoglobin between 
hematological and non-hematological patients (12.70 g/dl 



Table 1 Clinical characteristics of patients 



Characteristic 


Hematological 


Non-hematological 


p-value 


Number 


55 


64 




Age years (mean; SD) 


56.85 (+/- 14.58) 


67.75 (+/-13.03) 


p < 0.0001* 


Men 


37 (67%) 


39 (61%) 


NS 


Cachectic (n/%) 


15/27 


27/35 


NS 


Lost body weight in kg in cachectic patients (mean; SD) 


10.15 (+/-6.39) 


11.51 (+/-7.25) 


NS 


Period of body weight loss in cachectic patients in months (mean; SD) 


11.69 (+/- 10.69) 


14.53 (+/-17.93) 


NS 



Abbreviations: n = number, SD = standard deviation, kg = kilograms. 
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Table 2 Values of CRP levels according to predefined groups 





All 


Cachectic 


Non-cachectic 


p-value (C vs. NC) 


All 


22.78 (+/-37.5) 


34.18 (+/-5 1.9) 


1 7.57 (+/-27.S) 


p = 0.021* 


Hematological 


15.98 (+/-36.1) 


32.90 (+/-64.5J 


9.75 (+/-12.9) 


p = 0.1 


Non-hematological 


28.71 (+/-39.1) 


35.26 (+/-43.0) 


25.55 (+/-35.6) 


p = 0.27 


p-value (H vs. NH) 


p = 0.048* 


p = 0.43 


p = 0.01* 




Abbreviations H = hematological, NH 


= non-hematological, C 


= cachectic, NC = non-cachectic. Values of CRP levels are in mg/l. 


•statistically significant. 



(mean +/- standard deviation). 



(+/-2.3) vs. 12.38 g/dl (+/-1.9); p = 0.33). All other ana- 
lyzes done in the same way as for CRP values showed only 
statistically significant difference in hematological group 
depending on their nutritional status (11.20 g/dl (+/-2.2) 
vs. 13.27 g/dl (+/-2.0); p = 0.003). Hemoglobin levels 
according to the groups are shown in Table 3. 

Mean level of albumin for all patients was 38.3 g/1 
(+/-6.5). Cachectic patients had lower levels of albumin 
(34.95 g/1 (+/- 6.5) vs. 39.85 g/1 (+/-5.8); p = 0.0002) 
both as a group and when divided into hematological 
(38.05 g/1 (+/-6.1) vs. 42.04 g/1 (+/-5.2); p = 0.019) and 
non-hematological ones (32.83 g/1 (+/-6.1) vs. 37.85 g/1 
(+/-5.7); p = 0.004). On the other hand, hematological 
patients had higher level of albumin than non- 
hematological patients (40.95 g/1 (+/-6.1) vs. 36.01 
(+/-6.2); p = 0.0001) regardless of their nutritional sta- 
tus. Values of albumin levels are shown in Table 4. 

Evaluation of proposed cut-offs 

Finally, we analyzed values of proposed cut-offs for 
CRP (> 5 mg/l), hemoglobin (< 12.0 g/dl) and albumin 
(< 32.0 g/1) both separately and together in the whole group 
of patients and upon dividing them into hematological and 
non-hematological groups. Sensitivities for the whole group 
were found to be 76% for CRP, 59% for hemoglobin, 35% 
for albumin and 86% for either of them being positive. 
Specificity was 39% for CRP, 68% for hemoglobin, 85% for 
albumin and 29% for either of them being positive. 
Negative predictive values were 78% for CRP, 79% for 
hemoglobin, 74% for albumin and 83% for all of them being 
negative. On the other hand, positive predictive value for 
CRP cut-off was 36%, for hemoglobin 46%, for albumin 
52% and for either of them being positive 35%. 

In hematological group, sensitivity of CRP was 73%, 
specificity 50%, negative predictive value was 83% and 
positive predictive value 35%. For hemoglobin, values 



were 73%, 75%, 88% and 52% and for albumin they were 
25%, 92%, 75% and 50%, respectively. For all three values 
being either above or below proposed cut-offs values 
were 87%, 37%, 88%, 65%. Similar data were observed in 
non-hematological group and were for CRP for sensitiv- 
ity 77%, 29% for specificity, 70% for negative predictive 
value and 36% for positive predictive value. For 
hemoglobin values were 50%, 62%, 70% and 40% and for 
albumin they were 45%, 79%, 73% and 53%. For all three 
cut-offs we got 92% sensitivity, 21% specificity, 75% 
negative predictive value and 45% of positive predictive 
value. Data for CRP, hemoglobin and albumin are shown 
in Figures 1, 2, 3. 

Proposed cut-off for CRP did not significantly differenti- 
ate cachectic and non-cachectic patients neither in a 
whole group (p = 0.12) nor in hematological (p = 0.12) or 
non-hematological (p = 0.61) patients separately. Hemog- 
lobin cut-off was able to discriminate cachectic and 
non-cachectic patients in the whole group (p = 0.043) and 
in hematological patients (p = 0.01) but not in non- 
hematological group of patients (p = 0.36). On the other 
hand, albumin cut-off discriminated well between cach- 
ectic and non-cachectic patients both in all patients 
(p = 0.011) and in non-hematological patients (p = 0.04), 
but not in hematological patients (p = 0.18). All three 
values being above or below the proposed cut-offs could 
not discriminate between cachectic and non-cachectic 
patients observed either together (p = 0.06) or separately as 
hematological (p = 0.08) or non-hematological (p = 0.44). 

Discussion 

Before discussing further our results we believe that 
three possible questions, that may arise reading this 
paper, need to be clarified. Firstly, the rational to divide 
our patients into hematological and non-hematological 
group. Would it not have been more appropriate to 



Table 3 Values of hemoglobin levels according to predefined groups 

All Cachectic Non-cachectic p-value (C vs. NC) 

All 12.53 (+/-2.1) 11.73 (+/-2.0) 1 2.90 (+/-2.0) p = 0.039* 

Hematological 1 2.70 (+/-2.3) 1 1 .20 (+/-2.2) 1 3.27 (+/-2.0) p = 0.003* 

Non-hematological 12.38 (+/-1.9) 12.09 (+/-1.8) 12.53 (+/-2.0) p = 0.27 

p-value (H vs. NH) p = 0.33 p = 0.1 6 p = 0.07 

Abbreviations H = hematological, NH = non-hematological, C = cachectic, NC = non-cachectic. Values of hemoglobin levels are in g/dl. *statistically significant, 
(mean +/- standard deviation). 
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Table 4 Values of albumin levels according to predefined groups 





All 


Cachectic 


Non-cachectic 


p-value (C vs. NC) 


All 


38.31 (+/-6.5) 


34.95 (+/-6.5J 


39.85 (+/-5.8) 


p = 0.0002* 


Hematological 


40.95 (+/-6.1) 


38.05 (+/-6.1) 


42.04 (+/-5.2) 


p = 0.019* 


Non-hematological 


36.01 (+/-6.2) 


32.83 (+/-6.1) 


37.85 (+/-5.7) 


p = 0.004* 


p-value (H vs. NH) 


p = 0.0001* 


p = 0.02* 


p = 0.0001* 




Abbreviations H = hematological, NH 


= non-hematological, C 


= cachectic, NC = non-cachectic. Values of albumin levels are 


n g/l. ^statistically significant. 



(mean +/- standard deviation). 



classify them into those with tumor disease (hematological 
and solid tumors) and those with chronic benign state 
(chronic heart failure)? Would it not have been more 
appropriate to compare patients in the three separate 
groups i.e. hematological, solid tumors and heart failure 
group? There are several explanations for our decision. 
Our institution is a referral center for hematological dis- 
eases and most of the patients admitted to our institution 
indeed suffer from hematological diseases. Fewer patients 
are admitted for solid tumors, heart failure and other 
diseases related to cachexia. By dividing our patients in 
hematological and non-hematological ones we have 
achieved optimal balance of consecutive patients in re- 
spective groups. However, the answer is not just of 
technical or statistical matter. If one would be really inter- 
ested, and it was indeed our intention, to investigate dif- 
ferences between hematological and patients with other 
diseases related to cachexia how is one supposed to divide 
patients? Dividing patients into three groups, apart from 
creating numerically unbalanced groups would not answer 
this question. In fact, in order to get the correct answer to 
this question a comparison between hematological patients 
and all other groups of patients with diseases that can 
cause cachexia would be necessary. Unfortunately, such a 
study could not have been conducted in our institution al- 
though we eagerly await a study by others that would ad- 
dress this question. 

Secondly, we decided to divide patients into cachectic 
and non-cachectic just according to the main criterion 
that is loss of at least 5% of body weight during the pre- 
vious 12 months or less, not further looking at other 



criteria proposed by new definition that we refer to [21]. 
We think that such, at first glance, arbitrary division is 
founded on the majority of the existing experimental 
data that defined cachexia just as s state with a certain 
amount of weight loss during variable time frame. Al- 
though we do not question the new definition we still 
think it can be subjected to various tests. One of them 
could be determining relations between its major and 
minor criteria. Comparing results of minor criteria upon 
establishing groups of patients after using major criteria 
is just that. In accordance with our work also goes the 
new proposed definition for cancer cachexia which states 
that only the loss of weight of 5% for 6 months is a cri- 
terion enough to diagnose cancer cachexia [25]. 

And lastly we decided, as is obvious from our patient 
characteristics, to enroll patients that had weight loss for 
more than 12 months. We think that it is justifiable, al- 
though the definition that we refer to [21] states the 
weight loss should be in 12 months or less. But the 
authors also state that "... .time frame may be disease 
specific and is likely to be shorter in cancer (3-6 months) 
and longer in chronic heart failure and kidney disease 

(12 months) ". Although this sentence may imply the 

upper limit of 12 months we believe that it also may 
imply periods longer than 12 months. Some of the pub- 
lished data refers to periods exceeding 12 months, as 
was the case in one of the pivotal studies from Anker 
et al. with duration of weight loss at inclusion up to 13 
months. After inclusion patients were followed for a 
mean of 686 days which is almost two years [26]. In that 
study, patients that exceeded 12 months of body weight 
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Figure 1 Value of proposed cut-off for CRP (%). Abbreviations: NPV = negative predictive value, PPV = positive predictive value, 
H = hematological, NH = non-hematological. 
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Figure 2 Value of proposed cut-off for hemoglobin (%). Abbreviations: NPV = negative predictive value, PPV = positive predictive value, 
H = hematological, NH = non-hematological. 



loss after inclusion were not excluded from follow up 
and we have followed the same reasoning in our investi- 
gation. It is especially important in patients with durable 
survival in spite of their disease (hematological patients 
with lymphomas, some cancer patients, heart failure 
patients) so periods of loss of body weight can be longer. 

Given the scarcity of data regarding clinical and la- 
boratory features comparing patients with various dis- 
eases that are related to cachexia we conducted our 
study to address some of these issues. We were specific- 
ally focused on differences between hematological and 
non-hematological patients. We found, as others did, 
that cachectic patients as a group, had significantly 
higher levels of CRP and lower levels of both albumin 
and hemoglobin. Secondly, we divided patients into 
hematological and non-hematological groups and found 
that hematological patients had significantly lower levels 
of CRP and higher levels of albumin. There was no dif- 
ference in levels of hemoglobin. When we further subdi- 
vided patients into cachectic and non-cachectic groups 
we found that the differences observed for CRP were 
mainly due to differences found in non-cachectic group. 
Observed differences in albumin levels were present regard- 
less of this subdivision. Hematological cachectic patients 
had lower levels of hemoglobin than non-cachectic ones. 
The same was not true for non-hematological patients. 
Observed differences could imply possible divergences in 



pathophysiology between the groups of patients as we 
divided them. Unfortunately, we were not able to conduct 
investigations regarding possible differences in for example 
expression of inflammatory cytokines that could explain 
observed differences. Because of that our question "is there 
only one cachexia?", although provocative, remains purely 
speculative and awaits further trials with larger numbers of 
patients and more balanced groups exploring other features 
of cachexia, probably primarily those incorporated into pro- 
posed definition [21]. New proposed definition orientating 
just on cancer cachexia is in the line with our work i.e. it 
already recognizes the existence of "different" types of 
cachexia [25]. 

We then evaluated proposed cut-offs for CRP (> 5mg/L), 
hemoglobin (< 12 g/dl) and albumin (< 3.2 g/dl) and 
found that CRP had highest sensitivity, followed by 
hemoglobin and albumin. Inverse relationship was found 
for specificity. Cut-offs were found to have relatively good 
negative predictive value whereas positive predictive value 
was poor. Combining all three cut-offs just emphasized 
above mentioned relations. When we divided patients to 
the hematological and non-hematological groups, pro- 
posed cut-offs followed same trends as in the whole group. 
Proposed cut-off for CRP was not able to distinct cachec- 
tic from non-cachectic patients in the whole group nor 
was it able to distinct them when we further subdivided 
them into hematological and non-hematological groups. 
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Figure 3 Value of proposed cut-off for albumin (%). Abbreviations: NPV = negative predictive value, PPV = positive predictive value, 
H = hematological, NH = non-hematological. 
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On the other hand, proposed cut-off for albumin was able 
to distinct patients according to their nutritional status 
regardless of further subdivisions. Hemoglobin cut-off 
showed its predictive power in both whole group as well 
as in hematological group but not in non-hematological 
group. Although such results would imply that CRP 
cut-off is least effective and albumin cut-off is the most ef- 
fective one such conclusions would need larger studies 
powered enough even to give more precise values. Until 
then, our results serve as ones that arouse suspicion in 
proposed cut-offs. 

Conclusions 

Patients suffering from diseases related to cachexia have 
elevated values of routine laboratory parameters related 
to enhanced inflammation. We found significant differ- 
ences between these values for cachectic and non- 
cachectic groups of patients. We also revealed some sig- 
nificant differences between these values when dividing 
patients into hematological or non-hematological groups, 
although we are well aware of the relatively small number 
of patients in groups and of the variability of patients' 
diagnoses especially in the group of patients with solid 
tumors. We are also aware of the difference in age be- 
tween the hematological and non-hematological group 
that could have influenced our results. These restrictions 
stopped us from attributing observed differences to differ- 
ences in pathophysiological mechanisms of exaggerated 
immune response in different diseases. On the other hand, 
limitations of our study certainly cannot allow anyone to 
conclude that those differences in fact actually do not 
exist. To our knowledge, this is the first study that tries to 
compare between groups of patients suffering from the 
different diseases that can cause cachexia. Further studies 
with larger numbers of patients and with smaller variabil- 
ity inside the groups are warranted for further clarification 
of possible differences between the cachexia presenting in 
various diseases. 

Abbreviations 

CRP: C- reactive protein: H: Hematological; NH: Non-hematological; 
C: Cachectic; NC: Non-cachectic. 

Competing interests 

The author's declare that they have no competing interests. 
Authors' contributions 

TL gathered all the patients' data and blood samples and participated in the 
design of the study and statistical analyses. SP and ZFM conducted 
laboratory analyses vital to the study. RV participated in the design of the 
study and statistical analyses. All authors read and approved the final 
manuscript. 

Author details 

'Department of Internal Medicine, Division of Cardiology, University Hospital 
Merkur, University of Zagreb School of Medicine, Zajceva 19, Zagreb, Croatia, 
department of Clinical Chemistry and Laboratory Medicine, University 
Hospital Merkur, Zajceva 19, Zagreb, Croatia, department of Internal 



Medicine, Division of Hematology, University Hospital Centre Zagreb, 
University of Zagreb School of Medicine, Kispaticeva 14, Zagreb, Croatia. 

Received: 18 June 2012 Accepted: 12 December 2012 
Published: 7 January 2013 

References 

1. Tisdale MJ: Pathogenesis of cancer cachexia. J Supp Oncol 2003, 1:159-168. 

2. Lainscak M, Filippatos GS, Gheorghiade M, Fonarow GC, Anker SD: 
Cachexia: common, deadly, with an urgent need for precise definition 
and therapies. Am J Cardiol 2008, 101:8E-10E. 

3. Doehner W, Anker SD: Cardiac cachexia in early literature: a review of 
research prior to Medline. Int J Cardiol 2002, 85:7-14. 

4. Bennani-Baiti N, Walsh D: What is cancer anorexia-cachexia syndrome? A 
historical perspective. J Ft Coll Physicians Edinb 2009, 39:257-262. 

5. Morley JE, Thomas DR, Wilson MMG: Cachexia: pathophysiology and 
clinical relevance. Am J Clin Nutr 2006, 83:735-743. 

6. Danaei G, Vander HS, Lopez AD, Murray CJ, Ezzati M: Causes of cancer in 
the world: comparative risk assessment of nine behavioral and 
environmental risk factors. Lancet 2005, 366:1784-1793. 

7. Sharma R, Succinct M, London R, Kacevska M, Liddle C, Clarke SJ: Systemic 
inflammatory response predicts prognosis in patients with advanced 
stage colorectal cancer. Clin Colorect Cane 2008, 7:331-337. 

8. Otaki M: Surgical treatment of patients with cardiac cachexia. Chest 1994, 
105:1347-1351. 

9. Kotler DP: Cachexia. Ann Intern Med 2000, 1 33:622-634. 

10. Tisdale MJ: Mechanisms of Cancer cachexia. Physiol Rev 2009, 89:381-410. 

1 1 . Wang YY, Lo GH, Lai KH, Cheng JS, Lin CK, Hsu PI: Increased serum 
concentrations of tumor necrosis factor-a are associated with disease 
progression and malnutrition in hepatocellular carcinoma. J Chin Med 
Assoc 2003, 66:592-597. 

12. Kuroda K, Nakashia J, Kanao K, Kikuchi E, Miyajima A, Horiguchi Y, Nakagawa 
K, Oya M, Ohigashi T, Murai M: Interleukin 6 is associated with cachexia in 
patients with prostate cancer. Urology 2007, 69:1 1 3-1 1 7. 

13. Von Haehling S, Lainscak M, Springer D, Anker SD: Cardiac cachexia: a 
systematic overview. Pharmacol Thee 2009, 121:227-252. 

14. Donohoe CL, Ryan AM, Reynolds JV: Cancer cachexia. Mechanisms and 
clinical implications. Gastroenterol Res Pract 201 1, 201 1:601434. 

15. Anker SD, von Haehling S: Inflammatory mediators in chronic heart 
failure: an overview. Heart 2004, 90:464-470. 

16. Bongaerts GPA, van Halteren HK, Verhagen CAM, Wagener DJT: Cancer 
cachexia demonstrates the energetic impact of gluconeogenesis in 
human metabolism. Medical Hypotheses 2006, 67:1213-1222. 

1 7. Baumann H, Gauldie J: The acute phase response. Immunol Today 1994, 
15:74-80. 

18. Forrest LM, McMillan DC, McArdle CS, Angerson WJ, Dunlop DJ: 
Comparison of an inflammation-based prognostic score (GPS) with 
performance status (ECOG) in patients receiving platinum-based 
chemotherapy for inoperable non-small-cell lung cancer. Br J Cancer 
2004, 90:1704-1706. 

19. Spichiger E, Muller-Frohlich C, Denhaerynck K, Stoll H, Hantikainen V, Dodd 
M: Prevalence and contributors to fatigue in individuals hospitalized 
with advanced cancer: A prospective, observational study. Int J Nurs Stud 
2012, Apr 3. [Epub ahead of print]. 

20. von Haehling S, van Veldhuisen DJ, Roughton M, Babalis D, de Boer RA, 
Coats AJ, Manzano L, Flather M, Anker SD: Anemia among patients with 
heart failure and preserved or reduced ejection fraction: results from the 
SENIORS study. Eur J Heart Fail 201 1, 13:656-663. 

21 . Evans WJ, Morley JE, Argiles J, Bales C, Baracos V, Guttridge D, Jatoi A, 
Kalantar-Zadeh K, Lochs H, Mantovani G, Marks D, Mitch WE, Muscaritoli M, 
Najand A, Ponikowski P, Fanelli FR, Schambelan M, Schols A, Schuster M, 
Thomas D, Wolfe R, Anker SD: Cachexia: A new definition. J Clin Nutr 2008, 
28:793-799. 

22. Dickstein K, Cohen-Solal A, Filippatos G, McMurray JJV, Ponikowski P, Polle- 
Wilson PA, Stromberg A, van Veldhuisen J, Atar D, Hoes AW, Keren A, 
Mebazza A, Nieminen M, Priori SG, Swedberg K: ESC guidelines for the 
diagnosis and treatment of acute and chronic heart failure 2008. Eur 
Heart J 2008, 29:2388-2442. 

23. Zambelli A, Delia Porta M, Rosti V: From cancer patients to cancer 
survivors: The issue of cardiooncology - A biological perspective. Eur J 
Cancer 2010, 46:697-702. 



Letilovic et al. Nutrition Journal 2013, 12:6 
http://www.nutritionj.eom/content/1 2/1 /6 



Page 8 of 8 



24. Flegar-Mestric Z, Nazor A, Perkov S, Surina B, Kardum-Paro MM, Siftar Z, 
Sikirica M, Sokolic I, Ozvald I, Vidas Z: Accreditation of medical laboratories 
in Croatia - experiences of the Institute of clinical chemistry, University 
Hospital Merkur, Zagreb. Coll Antropol 2010, 34(1 ):1 81 -186. 

25. Fearon K, Strasser F, Anker SD, Bosaeus I, Bruera E, Fainsinger RL, Jatoi A, 
Loprinzi C, MacDonald N, Mantovani G, Davis M, Muscaritoli M, Ottery F, 
Radbruch L, Ravasco P, Walsh D, Wilcock A, Kaasa S, Baracos VE: Definition 
and classification of cancer cachexia: an international consensus. Lancet 
Oncol 2011, 12:489-495. 

26. Anker SD, Ponikowski P, Varney S, Chua TP, Clark AL, Webb-Peploe KM, 
Harrington D, Kox WJ, Poole-Wilson PA, Coats AJ: Wasting as independent 
risk factor for mortality in chronic heart failure. Lancet 1997, 
349(9058):1050-1053. 



doi:10.1 186/1475-2891-12-6 

Cite this article as: Letilovic er al:. Differences in routine laboratory 
parameters related to cachexia between patients with hematological 
diseases and patients with solid tumors or heart failure - is there only 
one cachexia?. Nutrition Journal 2013 12:6. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at /'"A n! _, ul _-| r Q r,tr=l 

www.biomedcentral.com/submit ammBa central 



V 



